THE SYSTEMATICS OF SOUTH AUSTRALIAN PRECAMBRIAN AND CAMBRIAN 
STROMATOLITES. PART 1 


by W. V. Preiss” 


Summary 


The methods of feld study and detailed morphological analysis using threc-dimentional Jeton- 
structions ani thin sectiuns, developed by one Russian school, were applied to the abundant Precambrian 
and Cambrian stromatolites of the Adelaide Geosyncline, Although other schools either demand formal 
taxonomy for algal remains only, or use informal descriptive nomenclature of morphologies which 
they believe are determined entirely by environment, it is concluded that valid and consistent stroma- 
tollite form-taxa can be distinguished by these studies. The recognition of stratigraphically restricted 


laxa suggests biostratigraphic subdivision and intercontinental correlations. 
New forms Ясасе а angepena, А. augusta, Васайа hurra and Roxenia melrosa, and ап indeter- 


mitate form of Acaciella, are described. 


Introduction 


Stromatolites аге laminated structures 
formed in sediments, mostly carbonates, by the 
tapping and precipitation of sediment by mats 
of algae and bacteria. They are known through. 
out the sedimentary record, and are particu- 
larly abundant in otherwise unfossiliferous Pre- 
cambrian sequences. This observed abundance 
and the diversity of forms have made stroma- 
tolites potentially useful as index fossils, pro- 
vided that taxa can be defined which have stra- 
tigraphicully restricted time-ranges. A group ot 
Russian stromatolite specialists has been en- 
gaged in the systematic description and elassifi- 
cation of stromatolites for the past fifteen vears 
and their results stimulated this study of South 
Australian stromatolites in an attempt to apply 
biostratigraphic methods to the problems of the 
age and correlatron of the Precambrian 
sequence in the Adelaide Geosyncline. 


This paper is hased on the systematics sec- 
tion of a thesis submitted for the degree of 
Ph.D., University of Adelaide, It is necessary 
here to briefly discuss the taxonomy of stroma- 
tolites and particularly to formalize several new 
taxa needed for subsequent discussions of bio- 
stratigraphy and palacoccology. This paper. the 
first of three, will include un outline of pre- 
viaus studies, consideration of some taxonomic 
principles and problems, and descriptions of 
four new forms and аре indeterminate form. 
The other parts will comprise descriptions of 
further forms and а discussion of the strati- 
graphic distribution of stromatolites. Stroma- 


tolite forms will be described in alphabetical 
order. 


Background 
This history of the early study of stroma- 
tolites was comprehensively reviewed Бу 


Maslov (1960), Although most rescarchers 
prior to 1914 sought ап animal origin for these 
structures, for example Hall's Cryptozeen 
(1883) and Steinmann’s Gymnesolen (1911), 
Walcot's (1914) discovery of filamentous 
mücrofossils in Precambrian stromatolites from 
the Belt Series of Montana paved the way for 
the understanding of stromatolite formation hy 
algae. 

Later workers clarified the role played by the 
algac. In particular, Black (1933) established 
that the algal mats of the Bohamas are poly- 
specific and that the mucilaginous filaments of 
the blue-green algae present trap detrital grains. 
Pia (1926) recognized the rock-building pro- 
perties of modern blue-green algae. Algal fila- 
ments were also found by Bradley (1929) to 
occur in stromatolites of the Eocene Green 
River Formation of Wyoming. 

In Australia, Mawson (1925) recognized 
stromatolites in the Flinders Ranges, and 
started a collection which was partly used in 
this study. During the 1930's fossil stromato- 
lites were described by numerous authors, the 
most. important being Young (1933a, [933b, 
1935), Fenton & Fenton (1931, 1933, 1936, 
1937, 1939), Johnson (1937, 1940) and 
Maslov (1937a, 1937b, 1938, 19393, 1939b). 
The work of others were reviewed by Masloy 
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(1960), Most of these authors tacitly accepted 
the validity of а formal binomial nomenela- 
ture for stromatutites. 


Cloud (1942) was the first to question the 
validity of such a classification, arguing that 
stromatolites are built by associations of algal 
species. Similarly, Johnson (1966) has more 
recently rejected the use of this nomenclature, 
and suggested rather that only actual algal spe- 
cits should be named, if they are present. 
Nevertheless, Rezak (1957) found it useful to 
retain a binomial nomenclature and used the 
dctined taxa successfully for intrabasinal corre- 
lution. 


Since the controversy regarding the classi- 
fication of stromutolites arose, ut least three 
schools al thought have evolved, Firstly, a 
small group of Russian students (e.g. Vologdin 
1962). like Johnson, considered that oniv 
actual algul remains сап be validly named, But 
algae ate very rarely preserved in Precambian 
stromatolites, and most of Ше micro-structures 
referred by Vologdin to fossil algae are very 
doubtfully of organic origin. 


A second group rejects the concept oF bio- 
logical control over stromutotite morphology. 
and uses purely descriptive classifications to 
aid environmental interpretations, For example, 
Masloy (1960) used "generic" names such as 
Collenia, Conpphyton and Gfebilella, but he 
modified these by a series of descriptive Latin 
adjectives. Logan, Rezak & Ginsburg (1964) 
used symbols, and formulae to deseribe various 
features of stromatolites, which they showed to 
be influenced by the local environment. Both 
Maslov's multinomial nomenclature and the 
variable descriptive formulae of Logan el al, 
tend to be cumbersome, and cannot іп them- 
selves describe all the useful characters of 
stromatolites, Some of the simpler formulac 
are. however, very useful in routine Шсій des- 
criplions, Hofmann (1969a) found difficully in 
applying a binomial nomenclature to the sun- 
matolites of the Gunflint Iron Formation, and 
later (Hofmann 19695) discussed the signifi- 
cance of various characters of stromatalites, 
concluding that dilferent morphologies are 
moze likely to be environmentaliv than bio- 
logically controlled, Hoffman (1967, 1969) 
save an outstanding example of the use of 
stromufolites in palaeocurrent. determination 


The third school is a Russian group which 
describes and classifies stromatalites on the 
basis of morphology and microstructure. and 
uses them for blostratigraphy, Their first results 


were reported by Keller et al. (1960). Despite 
differences of emphasis today between different 
workers, all usc a binomial nomenclature with 
the form taxa "group" (analogous to genus) 
and “form” (analogous to species), They have 
found that the time runges of the defined taxa 
arc restricted, and this allowed them to sub- 
divide and correlate Late Precambrian sections 
throughout much of the USSR. The biostrati- 
graphy was supported by numerous radiometric 
datings, both K-Ar determinations on glauco- 
nites and K-Ar, Rb-Sr and U-Th-Pb eter- 
тіпайоп on intrustves, The subdivision is as 
follows: 


Cambrian 


570 © 10 m.y. 
Vendian 
— 630 = 20 m,y 
Late Riphean 


Middle Riphean 


950 = 50 my, 


1,350 + SO m.s. 
Early Riphean 
——— — 5600 + 50 mv. 

The approach of this group was applied to 
Australiun stromatolites, and it was found that 
many of the Russian taxu do occur here, in a 
similar order of succession (Glaessner, Preiss 
& Walter 1969; Preiss 1971). The resulting 
correlations with the Әдісі Russian. sequences 
were in agreement with most of the radiometric 
evidence available Гог the Australian Precam- 
brian. 


The successful use of stromatolites in bio- 
striligruphy implies that their morphotogy as al 
least partly controlled by genetic characters of 
algae which evolve in time. The concept of 
biological control is supported by some studies 
of modern algal mats (Eardley 1938; Hom- 
meril & Rioult 1965; Monty 1967). Each of 
these authors has shown (he partial dependence 
nf mat type on the predominating algul spe- 
cies present. This in turn affects the microstruc- 
ture and lamina shape of the stromatolite, und 
indirectly, the gross morphology. Thus, decid- 
ing which characters are genetically determined 
and which иге directly shaped by local environ- 
mental factors becomes the major difficulty in 
classifying stromatolites. 

The Russian work of recent years hus shown 
that И is mainly the columnar stromatolites 
which are of value in biosirutigraphy, Only 
Komat (1966) has given a detailed account of 
laterally linked stromatolites but their useful- 
ness has not been confirmed 10 the extent of 
that of columnar [orms. In this study, atten- 
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Fiz. 1. Diagnostic terminology found useful in the description of stromatolites, The diagrams illus- 
trate features discussed in the Appendix. 
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Поп was also concentrated on columnar forms 
since rhese have rhe most characters allowing 
them to be classifted, Therefore the binomial 
nomenclature has been applied only to these. 


The terms used here ta describe siromptolite 
Characters, ute largely based on translations of 
Russian terms, with minor alterations and addi- 
cons. Most of the new terms introduced by 
Hofmann (1969h) are unnecessary from the 
point of view of this study, The diagnostic ter- 
minulogy proposed Бу CGlacssner cr al, (1969, 
Fig. |) has been expanded (Fig. 1), and the 
terms used in Ше descriptions ure defined in 
the glossary, Appendix I, 


Тахопоту 

Та general the methods of stromatolile study 
und classification used by the Russians, Krylov 
(1963, 1967), Semikhatov (1962), Nuzhnav 
(1967) and Komar (1966) have been applied 
here, including hinomial nomenclature, Al- 
though muny of the group names have been 
uccepted in pulaeobotanical literature л 
penera, e.g. Васайа, Conopliyron апа Футпо- 
solen by Andrews (1970), it is considered that 
retention of the terms group and form empha- 
sizes the distinction between stromatolites аз 
organo-sedimentary structures and actual frug- 
mentary plant remains to which the terms 
form genus and form species may be upplic- 
able. While similar groups of characters are 
studied Cor euch stromatolile; the relative tüxo- 
nomic significance attached to any particular 
character may уйгу from luson to Eixon. te- 
pending on its diagnostic value, Mostly. groups 
are defined on the basis of gross morphology. 
column shape, branching and margin structure, 
Lamina shape and microstructure are fre- 
quently useful in the distinction uf forms. But 
sometimes these features are diagnostic at 
group level—-Conophyron, lor example, is diag- 
nosed by its lamina shape, and is characterized 
by рәгтешін іу distinct. Janunalion, Ва сана 
tends іп he characterized bv banded Iaminatinn, 
except where altered by diagenesis. Although 
the presence of a wall is a dingnostic difference 
between some eroups, Walter (1970) ! has des- 
crihed single stromatoliles which are unwalled 
in their lower parts and walled at the top. in 
which case other features are diagnostic. No 
simular situation is known from South Austra- 
lia. 

11 15 considered unnecessary to use categories 
higher than the group. us Raaben (1964. 


1909а, 1969b) has done. Her higher taxa are 
somewhat arbitrary and several alternative ones 
cauld be proposed, but all are equally questien- 
able. On the other hand, the variety as a sub- 
division of the form is useful in cases where 
finer subdivisions can be made, and is therc- 
lore retained for Conoplguon gurganición. 


lt could be argued that a single name would 
be sufficient tn characterize a particular siroma- 
tolite, but the value of a binomial nomen- 
clature is that tt indicates real similarities and 
differences between various forms. Thus groups 
contain one or more forms which all share a 
number of characters considered diagnostic For 
that group. Forms are distinguished within a 
group whenever there are suficient gross or 
microstructural differences, But the cssential 
сотрапзоп between closely related furrns 
would be lost without à binomial nomenclature. 


The chief сану in the tixomomv of siro- 
matolites 16 the isolation of discrete character 
combinations, where intergradation is cómmnn. 
Thus, subjective choice may be required in 
some cases. Where the morphology remains 
uniform throughout а particular occurrence, a 
single name can casily be applied, but if there 
is variation within the occurrence, the delini- 
пол must be broadened, Whether or not the 
morphology of a stromatelte [rom another 
occurrence falls within this range of variation 
is difficult tu decide. Conversely, if a signifi- 
cantly dillerent morphology occurs as a discrete 
portion of ип occurrence, is this Lo be classi- 
fied separately? FExampies of stromatolites with 
а broad range of variation ure Рилинума etina 
and Linella типуайЙіпа, Both of these show a 
spectrum of intergrading branching types and 
column shapes, even within single outcrops, so 
that the range of variation between specimens 
of different areas lies within the range of variu 
bon in onc locality, and these are therefore 
included in tlic onc form. 


П has been found that many characters over- 
lap. and distinetions must be made even al 
group level оп the most commanly occuring 
expression, Le. Ше mode. of each character. 
This 1x especially true of hranching. Boxonin is 
characterized by a-paralle] and some f-parallel 
branching, while y-parallel is rare. In Gymno- 
solem y-parallel predominates, but not to the 
total exclusión of the other types, Similarly, 
there is overlap between the branching styles 
of Buicalia (the forms of which show a tremen- 
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dous vanalion of branching, as shown by 
Krylov 1967) and that of Tungussia. But while 
Baicelia has predominantly slighty to mode- 
rately divergent branching, in Титана mat- 
kedly divergent branching predominates. 
Although it is often easy 10 recognize groups 
on the basis of even limited reconstructions and 
longitudinal sections, the identification of formis 
із more difficult and subjective, Forms are dis- 
tinguished om minor features ol column mor- 
phology, lamina shape, or microstructure. 
Microstructure is the most dificult character 
ta use, partly because different types intergrade 
to some extent and partly because it i3 so easily 
altered by diagenesis. The distinctive lamina- 
tion of Conophyron is somewhat exceptional, 
and is amenable to statistical analysis. Although 
Raaben (19694) has attempted similar studies 
on Mizeria and Semikhatov, Komar & Serebrya- 
Ҡоу (1970) have measured the sizes of clots 
and pelleis іп Bexonia, it is uncertain whether 
ог not the structures micasurcd are primary. 


The laminae of most South Australian 
columnar branching stromatolites are too 
diffuse and variable to allow a detailed statis- 
tical study, although the well-preserved repre- 
sentatives of the banded microstructure of 
Baicalia burra might be amenable 


Suomatolites can be classified only on the 
basis of combinations ot characters, and, as 
Walter (1970, unpublished) has also con- 
cluded, the classificatory significance of charac- 
ters must vary to some extent from taxon to 
taxon, The classification has been found em- 
pirically to be useful in that the resulting taxa 
are temporally restricted. The question arises 
as to the fundamental meaning of these taxa, 
and why they аге sa restricted, Several possi- 
bilities exist; 

(1) Each form is built hy a particular asso» 
ciation of algal species, and forms 
change as the content of the associations 
changes. 


Each Form is built bv а dominant algal 
species, іп association with other species 
that have little effect оп stramatolite 
morphology. 


(3) The environment. and not the algal 
composition, entirely controls the stro- 
та ие morphology. 


(Е (3) were true, we should expect a tem- 
рога! restriction of forms only if the environ- 
ment has systematically evolved in time. Lt is 
difficult to sce how local factors such as current 
activity or sediment accumulation which could 


conceivably control stromatolije morphology, 
can exhibit continent-wide, if not world-wide, 
unidirectional change. On these gruunds, this 
possibility must at present be rejected. If (1) 
were true, we could expect the morphology to 
change gradually as the overall algal contposi- 
tion changes. one species replacing another in 
the association. On the other band, if onc 
species controls the morphology, à rapid change 
would be expected, At present, it is not possible 
го fell which of (1) and (2) is correct and 
possibly both apply; the frst possibility may 
explain the intereradations sometimes observed 
hetween taxa, when classification becomes difi- 
cult. 

Although Hofmann (1969h) regarded Соло- 
phyren as apart from other stromatelites, 
recent work has shown that conophytons pos- 
sibly intergrade with columnar branching 
forms such as Balcalia (Shapovalova 1968). 
Similarly Bertrand (1968) described intergra- 
dations of Сопорлугоп and branched forms 
While the taxonomic significance of these 
changing morphologies and their relationship 
to environmental factors has not been fully 
determined, it is clear that Conophyton is not 
fundamentally different from other stromato- 
lites. 

It ts concluded that stromatolites must be 
defined on combinations of characters, the sig- 
nificance of each of which may vary in differ- 
ent taxa. The fact that some taxa have much 
broader ranges of variation than others results 
[rom the necessity of grouping intergrading 
morphologies present in single stromalolite 
OCCUITENCES, 


Methods 


Stromatolites were studied both in the field 
and in the laboratory, but ficld observations 
were often limited by outcrop conditions and 
lichen cover on тоск surfaces. Where possible, 
the mode of occurrence, column shape and 
arrangement and branching were observed in 
order То vain an impression of the total vari- 
ability, 

The variable nature of stromatoliles neces- 
sitates sampling of sufficient material to deter- 
mine the modal expressions of characters pre- 
sent. Depending оп the size of columns, large 
specimens weighing from 4-70 kg were col- 
lected, and the relative position and orientation 
were noted, Ideally, btoherm centres and mar- 
gins were both sampled. 


The diagnostic gross features of columnar 
stromatolites can only be determined from a 
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three-dimensional view of the structure, This 
is achieved by the method of “graphical recon 
struction” described by Krylov (1963), А 
series of 10 to 15 serial longitudinal slabs 2 to 
6 mm wide were cut on ап oil-cooled 60 cm 
diamond saw with a saw cut about 2 mm wide. 
The columns were outlined jn pencil on the 
slabs and traced on to a block diagram frame- 
work on tracing paper. each longitudinal sec- 
поп being parallel to the front. face of the 
block. The reconstructions were retraced with 
shading to show surface morphology and finally 
redrafted hy stippling. 


Lamins shape, margin structure and micro- 
structure were studied in large, longitudinal, 
thin sections, up to 20 em long. Their thick- 
ness varies with the nature of the rock, hut in 
general they must be thicker than petrolopical 
sections to preserve the distinctness of the 
structures. Carbonates were mostly identified 
by staining with Alizarin Red S, but were [re- 
quently checked by X-ray diffraction powder 
photographs. 


Systematics 


For each group from which forms are des- 
cribed, а diagnosis, a list of the known consti- 
tuent forms and the stratigraphic and peogra- 
phic distributions are presented. Forms are 
diagnosed only if described here for the first 
time. Descriptions are given under the headings 
made of occurrence, column shape and arrange- 
ment, branching, margin structure, lamina 
shape and microsiructure, The interspace sedi- 
ments and the nature of secondary alteration 
аге also described since they provide important 
clues to the depositional environment aud dia- 
genetic history. 


The distribution of forms refers to both their 
geographic distributions and to the rack-sirati- 
graphic units (Thomson er al. 1964) in which 
they occur. Reference 15 made for each locality 
and stratigraphic unit to the relevant geological 
sheet (either 1:63.360 ог 1;250,000 map 
sheets. Geological Atlas of South Australia). 


It was found convenient (Preiss 1971) to 
subdivide the Adelaidean into two time units: 
the Early Adclaidean, represented hy all sedi- 
ments up to the pre-tillite unconformity, and 
the Late Adelaideun, represented by sediments 
from the base of the lower tillite to the base 
of the Cambrian. This subdivision reflects both 
a climatic change and a major change in stro- 
maloliié assemblages. Ages Of stromatolites 
will be referred to as Early or Late Adelaidean, 


but the probable correlations with the subdivi- 
sions of rhe Riphean will he noted in each case. 
Type specimens are kept in tho Department 
of Geology and Mineralogy, University of Adc- 
luide, catalogued under numbers prefixed by 5, 
Group ACACIELLA Walter 
Walter has supplied the group name Яга. 
ciella and the tollowing diagnosis, 
"Type Form: Acaciella australica (Cryptozeon 
dustralicum Howchin 1914). 
Diagnosis; Nearly straight, parallel or radially 
arranged sub<ylindrical columns with as Й- 
and rately y-parallel and very slightly divergent 
multiple branching. On column margins are 
numerous low bumps and occasional small cor- 
nices and peaks; small areas Of wall occur in- 
frequently, Laminae dominantly are rect- 
angular. rhombic of gently domed and are not 
markedly wavy or wrinkled; the microsiructure 
is streaky.” 
Contem: Acaciella australica Walter, А 
angepena Ё. nov. and A, augusta f. nov. 
Age and Distribution: Adelaidean to Early 
Cambrian; Loves Creek Member of the Bit- 
ter Springs Formation, Central Aust; the 
Lower Cambrian of S. Aust.; the Wundowie 
Limestone and Brighton Limestone equiva- 
lent. Umberatana Group. S. Aust. and 3s 
erralics in the lower (Sturtian) velacitls, 8. 
Aust, 


Acaciella angepena Е. nov 
FIGS. 2, 10, Па 

Material! Forty-seven specimens front пише 

localities. 

Holotype: S460 (Pigs. Za, 10c). Lower 

Cambrian, | km south of Angepena M.S.. 

Northern Flinders Ranges. 

Name. After the type locality. 
Diagnosis: Acaciella with vertical or radially 
arranged columns or pseudocolumus, which 
may branch upwards from either flat-laminated 
or small cumulate stromatolites. Columns may 
branch upwards into minute, irregular columns. 
Bridging is extremely common. Microstructure 
is regularly banded, with thin continuous 
laminae. Vermiform microstructure may be de- 
veloped, 


Description 
Mode of occurrence: Cambrian stromatolites 
were studied in outcrop only in the Angepena 
aren, where lenticular stromatolite beds consist 
of closely spaced ellipsoidal and domed bio- 
herms 3 to 50 m wide. These overlie flaggy, 


SOUTH AUSTRALIAN STROMATOLITES 73 


laminated, dark grey limestones with irregular 
efüsional contacts. Cumulate ог pseudo- 
columnar siromalohte individuals commence 
growth upon the erosional highs, aod pass up 
into radially arranged or parallel short columns 
with very numerous bridges, At bioherm mar- 
кіт», columns and pseudocolumas become hori- 
zontal, and laminae are deficxed parallel to the 
overhanging sides of the bioherm. so that here 
growth actually proceeded downwards (Fig. 
10a & b, showing longitudinal sections of a 
bioherm margin). Where adjacent biaherms 
become contiguous. they are overlain by a 
damed biostromal layer of columnar, pseudo- 
columnar und columnar-layered stromatolites, 
similar to those of the bioherm. At the edge of 
a stramatolite bed, the terminal hioherm has an 
abrupt vertical margin and the laminae bend 
downwards only slightly. The surrounding sedi- 
ment of dark Jime mud accumulated synchron- 
ously with stromaltolite growth, and occasional 
algal laminae are intercalated with 3t: the bio- 
berm probably never hod more than 10 em of 
relicf over the surrounding sediment surface. 
Also, there is evidence of contemporanenus 
compaction of the hme mud the bicherm resis 
upon (Fig, 10c). the lower layers of the sur- 
rounding muds are depressed, while the upper 
ones simply abut against and cover the bio- 
herm., 


Column Shape and Arrangement: Column 
shape is highly variable in single biobernis, 
mainly due to different degrees of coulescing 
and bridging. The structures vary from laterally 
linked pseudocolumns with some discrete small 
cumuli (Fig. 10d) to frequently bridged and 
coalescing columns (Fig 11а), to discrete, 
parallel subeylindrical columns (Figs, 2d, Е, в; 
100. The latter chiefly make up Mawsons 
(19251 callection from Italowie Gorge. In all 
specimens where columns are reasonably dis- 
crete, (hey are smooth to slightly bumpy, some- 
limes wilh pointed terminations (Fig. 2b, |), 
while others branch inte minute columns 1 to 
3 mm wide. Columns are. commonly Jess than 
l сіп diam., hut broad, cumulate columns up to 
10 cm diam, have heen observed. Transverse 
sections of columns are round, reunded poly- 
zonal or lobale (Fig. 2d, f. g). Columns may he 
vertical or radially атгамдед, especially on the 
margins of contiguous bioherms. Dolomitiza- 
tion of interspaces Frequently obscures the ori- 
ginal margins of the minute columns so that 
their shape cannot be accurately determined 


Branching; Branching is most commonly g- 01 
В-рагайе!, occasionally y-parallet, Columns fre- 


quently branch inte narrower columns which 
do not regain the former diameter. Some 
branches are in the form of thin pointed pro- 
jections (Fig 2j) Ar bioberm margins, 
branching may remain parallel (Fig, lüc] or 
hecome radial (Fig. 10b}, Биг fiere the stroma- 
tolites are largely pseudocolumrar. 


Margin. Structure: Colum margins are rarely 
preserved intact, Commonly they are corroded 
by dolomite rhombs, if the interspaces are dolo- 
milized; otherwise very fine stylolites may be 
developed, Bridging is extremely common in all 
specimens except those from Mawsons col- 
lection from Ttalowie Gorge, in which the 
columns are mostly discrete. These alsa have 
the smoothest margins, with only slight, acca- 
sional humps and ribs. Columns are always 
unwalled, the laminae thinning only slightly 
near the column margin, Laminac may slightly 
overhanz the margin, but long peaks and cor- 
nices are absent, 


Lamina Shape: Fig. Ва illustrates common 
lamina shapes: most йге gently convex. Of 101 
lamina measured, 69% have height to diameter 
ratios (hd) beneath 0.2 and 0.4, only 7% 
have ratios greater than 0.6 (Fig, 9a]. Laminac 
are smoothly domed, without sharp changes in 
shape from lamina to lamina, А few of 
Mawson's specimens from Italowie have wavy 
laminae, of Wavelength 3 1o 10 mm, amplitude 
1 їо 3 mm (Fig. 101). 


Microstructure; Microstructure in all spect 
mens is regularly, thinly banded, with continu- 
nus Jaminac of uniform thickness across а 
column width. In most specimens there is little 
contrast between dark and light laminae, except 
in the amount of organic pigment. Some speci- 
mens, especially fram Angepena, have irregu- 
larly tubular, sinuous, anastomosing. vermi- 
form spurry patches, 0.05 to 0.1 mm thick and 
up to 0.6 mm long, crossing the dark Tuminae. 
Dark laminae, varying in thickness from 0,03 
іс 0.07 mm, consist of xenotapic calcite of 
grun size varying from 0.003 to 0.01 ran, 
stained with troy organic pigment, but in some 
specimens, subhedral dolomite rhombs of grain 
sive ОЛ) to 0.02 mm are interspersed, Minor 
subangular quartz silt may be present. Indivi- 
dual laminae are continuous, and af constan? 
thickness across the column width, but may be 
markedly wavy. In specimens with vermiform 
micrestructure, dark laminae аге generally 
thicker. up to 0.3 mm, but remnants of finer 
luminution are ullen preserved, The hwundaries 
ot the sparry patches are often irregular and 
their orientation varies from perpendicular to 
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gently inclined to the lamination, but is com- 
monly at a high angle to it. The vermiform 
microstructure may be consistently developed 
preferentially on one side of a column. Trans- 
verse sections of the tubules are round to elon- 
gated, irregularly oriented. nnd anastomosing. 
The tubules may be interpreted as algal borings 
in the fine, lime mud laminae, but not the 
whole sediment was alfected. since homo- 
geneous and bored laminae occur side by side 
This fact also makes it unlikely that they are 
casts of actual algal filaments, Vhe distribution 
of borings on one side of columns may һе 
environmentally determined. Bathurst (1466, 
p. 20) illustrated a sequence of events invalved 
in boring by algae, if the process were stopped 
ul stage 12), and the borings infill wilh 
sparry calcite, а structure similar to the vermi- 
form писгокишешие ol A. angepena would 
result, Light laminae are 0.03 (o 0.1 mm thick, 
frequently indistinct, but continuous ucross a 
column width. They are especially poorly dif- 
ferentiated in specimens with vermiform miero- 
structure, where the tubules тау pass across 
the light-dark lamina boundaries. Light luminac 
consist of. xenolopic calcite, often with inter- 
locking ervstals 0.015 to 0.03 mm in diumeter. 


Subhedral to cuhedral ODE mm dolomite 
rhombs are scattered throughout the light 


kanimae in some specimens, 


Ішекзрасеу: Interspaces are filled either with 
altered miente or fine sandy and silly micrite 
Specimens from Jralowie (Mawson's collec 
tion) have very narrow interspaces Filled with 
sparse, иприт quartz silt. supported by а 
micrite matrix (Fig. ТОР), sometimes exten. 
swely dolomitized, with inequigranular hypidio- 
topic dolomite ranging in grain size (rom (1,005 
10 0.1 mm. Extremely finely disseminated hac- 
matite may be present in interspaces. Stroma 
tolites from Angepena also have sandy jnter- 
spaces, but these асс more frequently intor- 
iupted by bridging laminae, Subangular lo sub 
rounded quartz grams vary in diameter from 
0.08 го 0.5 mm, and may be partially ог whally 
replaced hy calcite Opids and small intraclasts 
occur Very rarely. 


Secondary Alteration: Dolomitization is com- 
mnn in all specimens, and is probably of late 
diagenetic origin. Within columns, rhombs post- 
dule the vermiform microstructure and have 
also formed in the micrite of interspaces. anc 
in places, interspaces may be totally dalo- 
mitized, Here sparry calcite occurs as irregular 
patches between dolomite rhombs perhaps fill- 
ing а secondary porosity. The grain size and 


density of dolomite rhombs decrease markedly 
across the column margins: perhaps interspaces 
were uriginally more porous, lo cause the pre- 
ferential dolomitization (in Fig We note the 
dark calcite columns and the white, dolonutre 
interspaces), Stvlolites may follow column mat- 
gins. or may be grossly cross-cutting, Haenia- 
tite dispersed thrnugh carbonate is probably 
secondary. Jn Iealowie specimens, it is concen- 
trated in interspuces which pass into fine stylo- 
liles. Minute irregular calcite veins cut the 
whole rock, apparently predating the major 
dolominzation. Large patches of course spiirry 
calcite ите bounded by markedly lobate fine 
atvlolites, suggesting their origin их solution 
cavities, 


Comparisons 


In gross morphology (mode of occurrence, 
column shape, branching and margin structure] 
the siromatülites from Ttalowie are similor та 
Aecaciella Waller, Columns are less discrete in 
uther areas, due to frequent bridging and 
confescing, but their columnar portions ше 
similar te those of Ttalowie specimens. Micro- 
siructures are uniform, except for the local ver- 
miform structure interpreted as иша! boring, 
Mudiganites nui soni Walter, from the Middle 
Cambrian Jay Creek. Limestone of the Ama- 
deus Basin, also has vermiform името пистите, 
but here the tubules ure more consistently deve- 
loped, and are сөтрісміу intertwined. the inter- 
veninz mieritic artus being reduced to clots. 
The gross form of Мейіміпйез хот is 
similar to some Acuciella aagepena іп having 
numerous irregular Frequently bridged columns 
and pseuilocoluniris; however, it lacks the sub- 
cylindrical, parallel hranching, discrete columns 
found at Tralowk.  Acuciellua -— angepena 
resembles Verella. uschhusiea Krylov за having 
evenly banded lamination and wide columns 
branching into nurrow columns, but has ragged 
column margins and Jacks the wall of Г 
nsehbayieu, Иса сотроуйа Sidorov is similar 
іп also possessing vermifarm microstructure, 
but is distinguished by its very smooth, walled. 
chlumns.. At thes stage из difficult то be cer- 
tain of the content of the form Aeuetella inge- 
pena. Despite some variation пЁ column shape 
(specimens from [ralowie have predominantly 
sithevlindrieal, diserete columns, while those 
from Angepena have numerous bridges and less 
regular column margins, all the specimens 
studied are included in the one form. since 
these column morphologies intergrade and the 
microstructures rempin constimi The stromp- 
tolites are assigned to the group 4eoctella on 


Holelype, 5460, 


асте angependa, front Lower Camhrian I imestónes, 1 Пінастя Ranges, 141 
| km 5. of Angepena H.S; (b)—S458, 1 km S. of Angepena Н.З.; (c). (e) de (i11 —8459. 1 


km 5, of Angepena WS; (d) & (а) 58. 48 km W, of Italowie Gorge (collected hy Sir 
Douglas Mawson}; (fj—S44, 45 km W., of halowie Gorge (collected by Sir Douglas 
Mawsani; (hd —Probable 4, angepena, near Old Wirrealpa (collected by Мг, P, G, Hlasletti: 
())-—Possible 4. angepenu, 48 km W. af Tinlewie Gorge. 
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the basis of gross morphology, They are dif- 
ferentiaied from other forms of the group by 
their thin, continuously banded microstructures 
and by frequent. development of bridges and 
pseudocolumns. The very narrow, minute 
columns into which broader columns branch 
are absenr in other forms 
А ferrupinous specimen from Old Wirrealpa 
is problematical. Its dark laminae are strongly 
haematitic, the huematite being іп рагі distri- 
buted inte minute dendrites, The small columns 
branch from basal cumuli, the interspaces being 
filled with recrystallized biomicrite (hyolithius, 
sponge spicules. archacocyathan and brachio- 
pod fragments may be recognized). Although 
the gross morphology resembles that of Aca- 
riella ипререна (Fig, 2h), the extremely regu- 
lar lanmnation is atypical of stromatolites, and 
the possibility of ап inarganie origin for the 
structure cannot be excluded 
Diveribuidon: Widespread in the dark lime- 
stones of the Lower Cambrian at Angepena, 
Old Wirrealpa, near Point Well. at Mern 
Мега, Вейчпа Hill, Chace Range. near 
Маппа Н S, Moro Springs south ol Balca- 
nonna., and 4.6 km west of Ttalowie Gorge; 
Flinders Ranges, South Australia. (COPLEY 
and РАКАСНИ КА 1:250,000 map sheet 
areas. } 
Аре Early Cambrian. 


Acaciella augusta (. nov. 
FIGS 3a-m, 1104, 12 
Material: Thirteen specimens from two loca- 
lines plus eight specimens. of uncertaln iden- 
tificalion From a further two localities. 


Holotype; 5401 (Figs 3c, e. 12c), Brighton 
Limestone equivalent, Depot Creek, South- 
сеп Flinders Ranges. 


Name: After the city of Port Augusta, 32 
km south of the type occurrence. 


Diagnosis: Acuciella with extremely trequent 
coalescing and bridging of columns at all levels, 
and with broad und narrow columns closely 
associated, Columo Margins bear short ribs, 
low bumps and short cornices. Laminae are 
geutly to moderately steeply convex or rec- 
angluar, atid of distinct, regularly streaky 
microstructure. 
Description 

Mode uf Occurrence: The stromatohtes form 
lenticular and tonguing bioberms (Fig 12a) 
varying in thickness from 3 m іс 50 m, and ex- 
tending laterally for up to nearly 2 km, inter- 
calatéd at varying siraligráphic levels within 
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the Brighton Limestone equivalent, Most com- 
monly. growth commences on a substrate of 
по and intraciust grainstones, as laterally 
linked stromatolites, up to 3 m thick; these gra- 
dually develop interspaces to form broad, 
bridging and coalescing columns (Fig. 118). 
At various levels. these columns branch into 
narrower columns 1 to 3 cm wide, frequently 
with parallel hasal and slightly divergent upper 
branches (Fig. 1201. Occasionally, narrow 
columns anse directly from on undulatory or 
fat-aminated base (Fig. 11f). Columns 
repeatedly alternate with continuous undula- 
tory ог flat-laminated stromatolites, Which com- 
monly intertongue with the adjacent sediment; 
they apparently mark periods of reduced influx 
of coarse sediment. At bioherm margins, 
columns become slightly inclined. Rarely. there 
are hemispherical bioherms with columns 
strongly inclined. m. their margins, 

Column Shape апа Arrangement: Basal 
columns are up lo 20 cm wide, of irregular 
shape, with frequent coalescing and brideing 
Their margins are frequently inclined. although 
laminae remain subhorizontal. The narrow 
columns are 1 ta 3 em wide, and up to 10 cm 
long between branches (Figs. 3a-j 12b-d). 
Transverse sections are round, rounded poly- 
gonal, elongated, or cormplexty lobate, At least 
some of the clongation is of tectonie origin 
Columms are straight or gently curved, with 
Slight swellings and constrictions (Fig. 3a-]); 
a few are short and marrow, and terminate their 
growth after з few centimetres (Fig. Зе) 
Coalescing is sn fréquent that almost all 
columns are interconnected; пле specimen con- 
tains numerous arregolar, short, frequently 
bridged and coalescing columns. 


Branching: Branching is frequent at all levels, 
and generally multiple (Fig. 3a-j). Broad basal 
columns divide by a-parallel branching into 
narrower columns, which frequently branch 
again at intervals of less than 10 cm; this 
branching is usually a- or g-parallel, occa- 
sionally y-parallel, or slightly divergent (Fig. 
3с-с, в), Near points of coalescing, branching 
tends to be more irregular; gamma-purallel or 
divergently branched columns approach cach 
other and coalesce (Fig. 3d). 


Margin Structure: The lateral surfaces of all 
columns bear relatively low bumps, short dis- 
continuous ribs, and a few peaks and cornices 
(Fig, 3j). In places. bridges, varying from 
delicate bridges only one or two laminas thick 
to massive, thick bridges (Бір. 3g), аге very 
frequent; in other places, columns remaln rela- 
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uvely unilfected by bridging throughout most 
uf their length. Columns are unwalled, and be- 
tween bridges and cornices their margins are 
relatively smooth. Depending on the degree of 
convexity. laminae approach the margin at 
various angles. 


Lamina Shape: Lamina shape varies according 
to column diameter; narrow columns have 
moderalely convex, or sometimes steeply omn- 
vex, laminae, h/d greater than 0.6 being rare. 
Broad columns have very gently convex to rect- 
angular laminae (Fig. 8b). Of all laminas mea- 
sured, 70% have hd between 0,2 and 0.6 
(Fig, 9b), Laminae are most frequently 
smooth, but sometimes broadly wavy, espé- 
cially before branching. Laminae frequently 
become donbly-crested before branching (Fig 
| 2b-d), but Ше interspace so formed may һе 
hridged over, in which case the column resumes 
its former growth pattern. 


Microsiructure: ly the best preserved speci- 
mens, distinct, regular light and dark (green) 
laminac, and im places macrolaminae up to 4 
mm ск, alternate, forming a regular streaky 
microstructure (Fig. 12c). Dark laminae, vary- 
ing іп thickness from 0.05 mm to 2 mm. are 
smooth to gently wavy. occasionally wrinkled, 
and have parallel irper and lower boundaries. 
Single laminae have relatively. constant thick- 
ness across the column width, but frequently 
lens out They consist ehicfly of hypidiotopic 
to idiotopic dolomite, of grain size ranging 
from 0,005 to 0.02 mm. The crystals are equi- 
dimensional, commonly euhedral, and stained 
pale green, which gives the laminae their 
colour, Dolomite crystals are densely packed in 
the dark laminae. leaving only occasional ігге- 
gular undolomitized patches. consisting of 
xepotopic calcite, ranging іп grain size from 
0.003 to 0,01 mm. Light lumina vary in thick- 
ness Prom 0,07 to 2 mm, single laminae having 
constant thickness. They are sparsely dolo- 
mitized, and consist of xenoropic to hypidio- 
tipic calcite, varying from 0.01 to П.02 mm in 
grain size, with scattered euhedral dolomite 
rhombs. 0.005 to 0.04 mm long. Laminas ате 
frequently grouped into hroad mucrolaminae, 
up to 4 mm thick, in which very thin, lenti- 
cular, either light or dark laminae predominate. 
In places, laminae are slightly wrinkled, or 
draped over underlying irregularilies; in one 
case laminae are domed over lenses af sparry 
calcite, probably open space fillings (Fig. 11e]. 
In a few places small scour structures up to 
2 mm decp are eut into the tops of dark 
laminae. Occasional euhedral to subhedral red- 


dish hrown limonite vrains af 0.01 (о 0,02 mm 
diameter (possible pseudemorphs after pyrite) 
оссит іп beth lamina гурех, 


Interspaces: The distance between columns 
varies from | to 10 mm. Interspaces are filled 
with handed limestone, layers of micrite 1 tà 
6 mm thick alternating with thicker tntervals of 
partially dolomitized intramicrite, Laminae in 
the interspace commonly abut against the 
column margins, having accumulated after the 
growth of that part of the column (Fig, 12c) 
The micrite laminac, consisting of xenotopic 
calcite of gram size varying from 0,003 to 0,01 
mm. are frequently silty, and slightly graded, 
generally with sharp upper boundaries, and are 
overlain by matrix-supported intramierites and 
some oomicrites, This sediment may originally 
have been more porous, as it із extensively 
dolomilized; rhe dolomite 15 of similar texture 
Lo that in columns, All remnant calcite is re- 
ervstallized to а hypidiotopic sparry mosaic; по 
micrite matrix remains. Alternatively, this cal- 
сие may represent infilling ar volds left hy 
dolomitization. Intraclasts, which may be pre- 
served as undolomitized micrite, or entirelv 
idiotopic dolomite, are from 1 со 10 mm loug, 
and up to | mm thick, and may represent 
croded fragments of algal mat. Stronglv recrys- 
tallized dolamitized oolites are occasionally 
present. Intraclasts, which commonly Пе at a 
high angle to the bedding, muy have fine 
grained laminae draped over them. Coarse sedi- 
ment mAux was periodic; columns may have 
had up to 2 cm of relief over the interspace 
sediment or a bridge, then the interspaccs were 
filled rapidly with intraclasts and finer gal- 
cajcous sediment. During periods nf ісізііуе 
quiescence, lime mud accumulated to form thin 
layers. In some specimens, bridging is very fre- 
quent, so that. there never was more than аһпи! 
a centimetre of relief. 


Secondary 4 lrerarion; Lie is preserved of the 
primary difference between the light and the 
dark (green) laminae, which now «differ in the 
extent of dalomitization, The dolomite is equi- 
granular, idiotopic, and probably secondary, 
although a detrital origin cannot ће тије oirt 
H the dolomite originated by replacement of 
caleite, the preferential dolomitization of dark 
laminae may indicate that they were originally 
mere porous, Small irregular patches of 
courselv crystalline sparry caleite within both 
columns and interspaces post-date dolomitiza- 
tion, and are associated with fine calcite үсіп. 
Stvlolites are very гате, being restricted 10 a few 
which afe concordant With the Timinaiion or 
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column margins. The green staining of dolo- 
mite ervstals oxidizes under subaerial weather- 
ing to form finely disseminated limonite, whicn 
may be concentrated along column Margins or 
stylolites. Columnas are commonly slightly fiat- 
tened parallel to an axial plane cleavage, which 
is better developed south of Depot Creek and 
ab Mundalllo Creek. The cleavage is an irre- 
gular fracture which passes around, not 
through, stromatalite columns and is common y 
expressed as stylalites in the carbunate rucks. 
A specimen from Mundallio Creek contains 
light laminae with prominent radiating, struc- 
tures; these consist of dolomite crystals aligned 
im rows almost perpendicular to the lamination 
(Fig. 1241, and may represent a dolomitized, 
earlier асісшаг texture. In specimens from the 
Wundowie Limestone (Wundowic Bore and 
Copley). column margins have been ulmost 
completely removed hy siviolites, leading 10 
unceriunty of identification (Fig. ЗК. 1 & m). 


Camparisons 
The predominantly parallel branching (от 
parallel at hase, then В- or rarely y-parallel) 
and almost total absence of y wall. identify the 
stromatolites as Acuciella. 


Acuciella augusta is distinguished from A. 
oustrolica by the rarity of discrete, broad, basal 
columns. by its mode of occurrence. (lenticu- 
lar und tonguing bioherms instead of tabular 
and domed hiostromes), by its extremely fre- 
quent coalescing and bridging, and by its very 
distinct microstructure, The mude of occur- 
renee and microstructure аве distinguish it 
from A. dngepena, A. augusta has many wavy, 
sometimes lenticular laminae, and prominent 
maerolaminae, the dark laminas being pre- 
ferentially dolomitized, А. augusta is very simi- 
lar in gross morphology lo Eucapsiphora раға- 
disa Cloud & Semikhatov, from the Paradise 
Creek Formation near Mt, Тва, N,W. Queens- 
land. E paradisa is difficult to distinguish on 
the basis of the published description, but 
apparently has а patchy wall. 

Specimens of poorly preserved stromuatolites 
from ihe Wondowie Limestone near Copley 
and VWunduwie Bore, originally tentatively 
identified as Linella munyallina (Preiss unpubl.) 
are belter assigned to Aecacielfa angusta оп the 
basis of column shaüpe, branching and micro- 
structure. Where column margins are not re- 
moved by stylolites. they arc unwalled, 

Distribution: Brighton Limestone, Перо! 

Creek and Mundallio Creek, Southern Flin- 

ders Ranges, amd possibly the Мите 

limestone near Copley and Wurndowie Bore, 
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Northem Flinders Ranges (PORT 
AUGUSTA and COPLEY 1:250.000 map 
sheet areas], 


Aye: Late Adelaidean, correlated with the 

Late Riphein of the USSR, 
Acaciella form Inder. 

PIGS. 3m-q; 11b, с) 
Material: Two specimens from one locality. 
Description 

Mele oj Occurrence: Both stromatolite speci- 
mens are erratic boulders in the lower 
(Sturtian) glacials; their provenance is un- 
known. 
Column Shape and Arranzement One speci- 
men (8509). consists Of pseudocolumas und 
frequently bridged columns, oriented sub- 
parallel to shebtly radialimg, and passing later- 
ally inte flat-laminated stromatolites (Fig. Пе). 
The uther specimen 48539] consists el rather 
smooth, erect, parallel. cylindrical, discrete 
columns, 1-5 сіп wide. Transverse sections arc 
round or rounded polygonal (Fig. 3n-p). 
Brunching: Branching ік commonly a- ОГ j3- 
parallel; columns either retain their width от 
widen gradually before branching. Axes of 
branching columns mav he very slightly diver- 
pent (Fig. 116), Specimen 8539 shows only 
dichotomous branching, but 5509 has sume 
multiple, a-parallel branching. 
Margin Structure; 8519 hos i rather smuoth 
margin structure. with low bumps and a few 
very short peaks and overhanging luminie 
(Fig. 3n-p). There is no wall; laminae simply 
lérminute, withuul appreciable thinnmy, at Ihe 
column margins. Bridges аге extremely fre- 
quent in S509, Биг otherwise column margins 
are similar го 5539, Few columns in S505 arc 
entirely discrete. 
Lamina Shape; АП laminae are gently convex 
(Fig. Ес). h/d never exceeding 0.5. und 84% 
of laminae measured have hód between U.Z and 
0.4 (Fig, Че). Laminac are smoothly curved, 
rarely rectangular, and without wrinkles or 
sharp Mesures. Occasionally laminae are slightly 
wavy, and belore branching always develop 
multiple crests (Fig. 11b, с). Laminae pre not 
normally dellexed ar rhe column margins. 
Microstructure: Microstructure consists of very 
smooth or broadly wavy, light апа dark. dolo- 
mitic, striated to banded, laminae. There is little 
contrast between laminae. Dark laminae are 
0,05 jo 0.5 mm thick. und commonly pinch 
and swell slightly across the column, and in 
places they ate lenticular, but otherwise, they 
have smooth, parallel boundaries. They consist 
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4 +e 
(a)-(); Araciella augusta, Brighton Limestone equivalent, Umberstana Group, Flinders 
Kanees: (a), (b). (d) & (1)—S404, Depot Creek, Southern Minders Ranges; (сі E (еу 
Holotype, 5401, Depot Creek: (Е) 8538, Mundallio Creek, Soutbern Flinders Ranges; (2) & 
(h)—S396, Depot Creek: (1)—8337, Depot Creek: (К), (1) & (m)—Possible А, augusta, 
Wündewie Limestone Member, Wondowie Bore. Northern Flinders Ranges; (n^, fo) & (p? 
—S539, Acaciella Ё, іпісі. from an erratic іп the (осал glacials, N.E. of the Enoramá 
Mapin (91—5509, Araciella f. indet, from the same locality. Sketch traced from a из séc- 


под, 


89 


of pale егеу stained hypidiotopie dolomite of 
armin size varying [rom 0.003 to 0.015 mm. 
Light laminae уату in thickness from 0.05 to 
1.0 mm, generally with litle change across в 
column. thinning only slightly towards column 
margins. They consist of hypidiatapic to idio- 
topic transparent, unstained dolomite of grain 
size varying from 0.015 to 0.06 mm. Very 
characteristic of 5529 is the presence of very 
fine, limonite-rich solution surfaces, concordant 
with the laminac, Although these are probably 
stylolites, surfaces with little or no wrinkling, 
which follow the fine-scale structure of laminae 
exactly, are especially common (Fig, 11b). In 
places these are only about 0.5 mm apart, and 
light Jaminae тау be separated by them, with- 
out intervening dark laminae. 

Interspaces. Interspace sediment is completely 
dolomitized, consisting of equigranular, idiv- 
topic dolomite of grain size ranging from 0.01 
to 0.05 mm. There is little contrast between 
columns und interspaces, but small amounts of 
subangular quartz silt are present in the inter- 
spaces, Fragments of slightly darker stained 
dolomite, of similar texture to the matrix, pro- 
bably represent original intraclists. The nature 
of the matrix cannot be determined, bul the 
sparsity of intraclasis suggests that these were 
mud supported, Intraclusts are better preserved 
іп 5509, 

Secondary Alrerarion: Dulomitization ul the 
siromatolites and interspaces is clearly second- 
ary, as indicated by the general idiotopic, equi- 
granular texture, and poor preservation of the 
finest structures, Stylolites are ОГ al Teast two 
generations; the earliest stylolites are almost 
perfectly concordant, without lobes or wrinkles: 
these possibly predate the dolomite euhedra, 
which іп places cul into them, and certainly 
predate а relatively coarse grained dolomite 
үсіп (grain size up to 01 mm). The vein is 
itself cut by more pronounced, slightly discurd- 
ant stylolites. Occasionaly cross-cutting stylo- 
htes cut interspaces and columns, some follow- 
ing column margins. Dolomitization almost 
certainly predates the erosion und deposition of 
the clasts into the glacial sediments. 


Comparisons 

The straight, chielly u- to j3-parallel branch- 
ing unwalled columns allow assignment to the 
group Acaciella, They are clearly distinguished 
from Ага беа augusta by the discrete, rather 
smooth, more Cylindrical columns; although 
bridging and coalescing occur in 5509, this 
specimen із considered to represent the basal 
рап of the stromatolite bed. The distinct, sub- 
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cylindrical columns with relatively smooth mar- 
gins and gently convex laminae are similar to 
A. awsiralica Walter, but the specimens are 
inadequate for identification, 

Disteibution: As clasts іп the lower 
(Sturtian) glacials, on the slunks ot Enorama 
Diapir, 6.4 Km North of Oraparinna HS., Cen- 
Iral Flinders Ranges {tPARACHILNA 
L:250,000 map sheet area). 

Age: Probably Adelaidean, but not younger 
than the Sturtian glacials 

Group BAICALIA Krylov 

Baiculie Krylov 1943: 64. Semikhatoy 1962: 

198. Komar 1966: 82. Krylov 1967: 25. 

Nuzhnev 1967: 135, Cloud & Semikhatay 

1989: 11935. 

Туре Form: Васана Васайса (Maslov) 

Krylov, from the Uluntuy Suite of the Pri- 

baikalye [based on Collenia baicalica Maslov 

19374, 287]. 

Diagnosis: Tuberous, bumpy, swelling and соп- 
suicting. parallel to markedly divergent branch- 
ing columns, generally without wall, with fre- 
quent overhanging laminae. Lamination is dis- 
tinctly banded. 

Coment B, haicalica (Maslov) Krylov, В, 
kirgisica Krylov, В. rara Semikhatoy. в. 
unca Semikhatov, B, prima Semikhatov. B. 
amplu Semikhatov, A, melensis Nuzhnav, 
B. maica Nuzhnov, В. ninica INuzhnov, В. 
minute Komar, В. capricornia Walter and 
B. burra Е. nov 

Аве: Middle Riphean to early Late Riphean, 


Baicelia burra f. nov. 
FIGS. 4, 5, û, 13, 14, 15а-с 
fecal spp. Glacssner, Preiss & Walter 


1969: 1056. 
Mareríal: Thirtythree specimens [rom len 
localities. 


Holaispe: 8222 (Figs. |За & 4), Skillogalec 
Dolomite 3.2 km west of Yatina, Southern 
Flinders Ranges, 
Name: From the Burra Group in which the 
stromatolites occur. 
Diagnosis: Baicalia with moderately frequent, 
slightly to markedly divergent branching, irre- 
gular, coalescing columns with highly variable 
lamina shape and continuous, distinctly banded 
microstructure, 
Description 
Mode of Occurrence: Two modes of occur- 


rences have been noted: biostromal and hio- 
hermal. the latter oceurring only at one locality 
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(айла), Hiustromes vary іп thickness from 
0.3 to 2 m, the stromatolites being eventy dis- 
tributed throuzhoat their extent; they have been 
followed for 100 m or more, without lensing, 
before the outcrop disappears under soil cover. 
Biostromes are frequently interbedded іп ргееп 
shales (e.g. Myrtle Springs, Willouran Ranges), 
platy dulomiles (e.g, Arkaroola, Worumba) or 
massive dolomites (e.g. Burra). The bioherms 
at Yatina ate restricted to (wo thin beds; they 
are small lenticular stromatolitic mounds, 
approximatelv 20 to 30 сіп thick and up to 
1 m wide (Fig 13a), interbedded with aad 
surrounded laterally by platy and shaly dark 
grey dolomites, The overlying sediment is 
draped over the mounds, showing that the 
stromalolites had at least 10 cm relief over the 
surrounding surface. Colunins arise from sub- 
slráles іп several ways: (1) Flat-laminated 
siromidolite passes gradually up inte undula- 
tory and pseudocolutmnar siromntolites, then 
into discrete, vertical ta inclined columns, often 
with steeply domed laminae (e.g, Burra, West 
Mount Hut); (2) Columns arise directly from 
eroded surfaces of laminated or inrraclastic 
dolumites (e.g, Yalina, Fig. 441); (3) Columns 
arise from flat-laminated stromatolite vía broad 
cumuli (e.g. West Mount Hut), The degrees af 
discreleness of columns varies greatly; іп some 
beck. columns are almost immediately hridged 
over by Jaterally linked stromatolites, but 
usually columns remain discrete For 20 1o 30 
cm. In some areas new sets of columns may 
arise from pseudocolumns. The upper surfaces 
of biostromes vary From Mat (&g. in the Wil- 
louran Ranges, Hurra) to broadly undulating 
(в.в. Worumba). 


Column Shape опа Arrangement: Columns are 
tubctous, varving From subeylindrical to irregu- 
lur, with round, oval and irregular cross sec 
tions (Figs. 4, 5, 6), Elongated ur fattened 
calumns are vanonsly oriented. The diamerer 
of columns varies Erom 1 to 10 cm, most com- 
monly 3-5 em, with rapid. swellings and con- 
strictions, Columns are 2-15 em high between 
branches, Some but not all columns are con- 
stricted at the point of branching (Figs. 4c, f; 
5c, d) The arnentaüon of columns varies 
шоайу From vertical to inclined, and is some- 
times sub-horizontal for short distances (Figs, 
de, $). Column axes vary from straight to 
strongly curved. In some specimens, the upper- 
most columns swell markedly upwards апа be- 
come bridged over by laterally linked strema- 
tolites. Adjoining columns coalesce very fre- 
quently, even in the discrete portions, but speci- 


mens from Burra show the least coalescing and 
bridging. Jo the Willogran Ranges, column 
growth is frequently interrupted by репесол- 
temporaneous erosion; columns may grow over 
hroken-off fragments of eurlier colurnms, con- 
tribuung to the irregularity of the structure. 


Branching: The most common form of hranch- 
ing is moderately divergent (Fig. За i, 6f] 
though some sub-parallel branching (Fiz. 4e, 
с. m) and some very markedly divergent 
branching occurs (Figs. da, Sd € jl- In same 
specimens several branches arise from nearly 
one point (Еър. 421. Branching is moderately 
frequent, the length of column between 
branches commonly being only a few centi- 
metres; bed at any one point of branching it 
is usually dichotomous of less offen trichoto- 
mous, In some specimens branches arise at a 
high angle to the main columns, and then turn 
sharply upwards, Some columns arise from tbe 
side of a main column (Fig, 14d). Great vuria- 
lion is seen even in single outcrops, 


Мис и Struciure: The lateral surface varles 
Гот smooth to very irregular, laminae ap- 
proaching the column margins at various 
angles. Some specimens have very patchy 
walls, while the intervening unwallcd areas are 
smooth or only slightly fringed wrth small 
peaks and cornices, for example those from 
Burra (Fig. 14d), Yatina (Рів da), River 
Broughton (Fig. 5c), Arkaroola (Fig. 50, e). 
Willouran Ranges specimens contin both 
smooth nnd highly irregular edges, with large 
overhanging peaks composed of one of more 
laminae (Fig. 6b & c). Frequently large swell- 
ings are composed of numerous Jaminae over- 
hanging a constricted portion of л column 
(Fig. 4с). Bridges between columns are espe- 
cially common near the tops and bottoms of 
biostromes (Fig. бе), 


Lamina Shape: Тһе lamina shape ік most corn- 
monly gently convex, but varies in single speci- 
meus from very gently convex to nearly conis 
cil; талу laminae jire steeply convex, Micro- 
unconformities are espectally prominent in 
specimens from the Willouran Ranges, һи! 
occur to some extent in all areas. In places, 
branching commences upon a party ernded 
column surface (Fig, 15b). Fig. 8d illustrates 
ihe more commonly occurring lamina shapes; 
92% of lamina have h/d between 0.1 and 0.6, 
the mode being h/d between 03 and (4 
(2895) (Fig. 9d). Generally, the widest 
columns have the most gently convex laminae, 
while strongly elongated columns have laminie 
gently convex in the sectinn parallel to the long 


Fig. 4 
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Baicalia burra, Skillogalee Dolomite. Burra Group, Southern Flinders Ranges: (а) € (c)— 
Holotype. S222, 3.2 km W, of айпа: (b)—S218. same locality; (d) SI5f, 13 km SW. of 
Werumba H.S; (e) & (D) 5151, same Jocaliys (а), (i) € (j) —5221, Dutton's Trough H.S., 
14 km S. of Burm; (h) & (1)—S314, same locally: (k)—5334. sume locality; (m)—float 
specimen, River Broughton, W, of Spalding. 


Fig. 5. Ваюсайа burra, Skillogulce Dolomite, Burra Group: (а) 5533. Dutton's Trough H.S., 14 km 
S. of Burra: (b)— S534, same locality; (с) S383, River Broughton, W. of Spalding; (d)— 
8456. 6.4 km 5, of Arkaroola; (2)—S457, same locality: (£)— S491, 24 km E. of Myrtle 
Springs H.S. (upper member of Skillogilee Dolomite); (z)—S489, same locality; (h)— 
$490, same locality: (1)—5488, 1.6 km E. of Myrile Springs HLS, (lower member of Skillo- 
calce Dolomite); (1)--5487, same locality; (k)—S319, the Avondale Mine, Lyndhurst (col- 
lected bv Mr. P. J. Binks); (1) —8302, West Mount Hut, Willouran Ranges; (m)—5S99, same 
locality (collected by Mr. С, R. Dalgarno): (n)—597. near Chintapanna Well, Willouran 
Ranges (collected by Mr. C. R. Dalgarno). 


Fig. h. 


Baicalla burra, Skillogalee Dolomite, Burra Group, north-western part of the Adelaide Geo- 
syncline: (a), (b) € (П--896, Chintapanna Well, Willouran Ranges (collected by Mr. С. К. 
Dalgarno}; (c)—598, West Mount Hut, Willouran Ranges (collected by Mr C. R. Dalgarno); 
11) —S496, 4,8 km W. of Copley; (е) —8301, West Mount Hut, Willonran Ranges. 
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axis and steeply convex ut right angles to it, 
Rarely do laminae turn over sharply and thin 
al the column margins, to form a wall, Gene- 
rally, where a patchy wall js present, it is 
formed by the edges of steeply convex or pary- 
Бойс laminae (Fig. 14с), Frequently, laminae 
develop two crests, anticipating branching 
immediately above (Fig. 4a, m). On a smaller 
scale, lamina shape varies [rom smooth and 
regularly curved to slightly wavy, with discon- 
tinuous curvature and sharp crests. Both types 
occur in single specimens (Fig, 14). 


Microstruciurez The microstructures and tex- 
Lures Ohserved m the different areas vary con- 
siderably depending oo the дентсе of recrystal- 
lization. [n the best preserved specimens, the 
lavering comprises alternating refatively thick. 
contmuous, very distincti, Hight and dark 
laminae, giving а banded appearance. Some 
are single homogeneous thick layers, while 
others are macrolaminac consisting of several 
very thin light-dark Jamination pairs, Most 
commonly single laminae traverse the whole 
columna width, except where cul hy micro- 
unconformities. Ooids nr other detrital grains 
тау be included in the laminae, Upper and 
lower boundaries of laminae are usually 
smooth and even, sometimes wavy or broadly 
wrinkled, bul always more or less parallel 
Ехсерцопв occur only where erosional scour 
has taken place during growth, Rarely, lenti- 
colar swethngs occur, Light laminae уату in 
thickness from 0.02 ra 0.5 mm, very rarely to 
10 mm. Mast light laminae thin towards the 
column edges, but rarely lens out. In the best 
preserved specimens, the sparry dolomite fornir- 
ing them 16 inequigranular, xenotopie, and of 
grain size ranging from 0.005 to 0,06 mm. 
With greater recrystallizatlon an equieranular 
mosaic of 0,05 to 0.2 mm grain size results 
(e.g. Burra), The light laminae usually have 
sharp and smooth upper boundaries, hut some- 
times grade down into grumous textured lami- 
пас, consisting of irregular and interconnected 
mivritic patches рр to 0.1 mm diam. set in 
xenolopic equidimensional sparry dolomite 
wilh a grain size of about 0.01 to 0.03 mm, 1,2. 
partially recrystullized dark laminac. In some 
specimens (e.g. Yatina, West Mount Hut, 
Worumba), the light laminae contain. detrital 
granules, including small fiat intraclasts, up to 
0.5 mm long, and rare onids up to 0.3 mm in 
diameter. Overlying laminae are draped over 
the larger detrital grains, Laminae in the Cop- 
ley specimen muy be pelletal (Fig. 14e). Dart 
laminae occur either singly, alternating with 


light laminae, or in dark macrolaminae, Thin 
dark laminae are commonly 0.04 10 0,3 mm 
thick, but macrolaminae range up та 2.5 mm 
іп thickness, generally constant across thc 
column, or thinning slightly towards the mar- 
gins. They are either continuous, or consist of 
a series of aligned lenses, each up to 0,2 mm 
long. іп well preserved specimens the dark 
laminae have smooth, sharp, parallel boun- 
danes; rarely, single laminae may be wrinkled, 
suggesting intraformational crumpling during 
growth. Well preserved dark laminae consist of 
dense. brownish-pigmented xenotapic dolomite, 
uf equidimensional grains 0.003 to 0.00 mm 
dism., but vertical and lateral gradations from 
unaltered to grumous textures аге common. 
Where dark laminae are grouped into macto- 
laminae, they altermute with very thin, discon- 
tinuous light laminae, and frequently fuse to 
form solid, thick dark Taminac. 


Interspaces, A tow specimens have interspaces 
filled predominandy with bedded dolomite mud 
(e.g. Burra), but generally the sediment is 
unbedded intraspurite or oosparite, less com- 
monly intramicrite, Frequently, intraclasts are 
derived from the erosion of stromatolitic 
columns: in places, a large Fragment torn from 
a column has acted us а base for new growth. 
Intraclasts are flot to gently curved tabular 
dolontite pebbles up to 3 cm long, 1 ш 2 mm 
thick, and only slightly rounded. Many are 
fragile and could have survived very liwe 
transport. They contain the typical internal 
laminations of the associated stromatolites, and 
are probably derived directly from them. Occa- 
sional flat pebbles stand vertically, but gene- 
rally they lie fiat or imbricuted, Ooids vary in 
shape from round to oval, 0.2-1.0 mm diam., 
und consist of One dark-rimmed spurry liyer 
coating à micritic core, ог less commonly. 
several «рату layers. Most commonly, allo- 
chems are closely packed and cemened by a 
clear, sparry dolomite cement, Some specimens 
contain significant amounts of dalornite mud, 
variously recrystallized, forming a mawix bhe- 
tween allochems, in these cases the sediment is 
poorly laminated. 


Secondary Яйетшіоп: Secondary alteration has 
extensively modified the textures und often the 
microstructures of stromatolites from many 
areas, The following four stages of alteration 
тау be recognized: 

(1) Penecontemparaneous, The fact that dolo- 
mite consistently constitutes the whole rock to 
the exclusion of calcite, while still preserving 
fine strictures, suggests very early dolomitiza- 
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tion, during the growth of the stromatolites, ft 
is also possible that penecontemporanevusly 
dolomitized lime muds were reworked and 
trapped in the siga) mats. During growth, cro- 
sion by strong currents scoured the living sur- 
faces of columns, creating micro-unconformi- 
ties. In some specimens (eg, West Mount 
Hut), laminne may be separated by lenticular 
vughs, later filled with sparry dolomite (Fig. 
12с), These voids were probably formed bv 
arching up of laminae, perhaps due to lateral 
expansion in growth of the algal mats building 
the siromatolites, of lo partial desiccation. 


(21 Ешіу Diageneric. Black chert very com- 
monly replaces portions of stromatolites and 
interspace sediments, Sometimes dark laminae 
are preferentially silicified, perhaps during 
growth, bat more commonly, silicification posl- 
dites the growth of the columns (e.g, one side 
of a column may be replaced). In places, sili- 
cified laminae are broken by minute dolomite 
filled cracks, 


(3) Late Dispenetic. Dark laminae and macro- 
laminae may he recrystallized to grumous lex- 
lures, consisting of patches of dark, dense 
тісгізе dolomite (remnants ol the original 
carbonate) varying greatly in size from 0.005 
to 0.1 mm, ser in a matrix of xenotopic sparry 
dolomite. of equidimensional grains ranging in 
size from MOI to 0.03 mm. Light laminae ere 
commonly slightly recrystallized and sporry, 
consisung uf hypidiotopic to idiotopic. equi- 
dimensional dolomite grains of similar size 10 
those of the sparry matrix of the grumous tex- 
lures, Coarsely recrystallized laminae alse 
occur, іп places cutting across the fine struc- 
ture of primary laminar and corroiling their 
boundaries. They consist of idiotopic tran- 
sparen. «осте of grain size up to 0.1 mni. 


(4) Tecronte. The only specimens affected by 
tectonic deformation ше (rom the Burra 
region, Here columns are sliphtly fattened and 
laminae ale erenulated along а slight tectonic 
foliation. These are also the most highly meta- 
morphused, displaying the greatest. degree of 
recrvstallization, Tensional joints filled with 
toursely crystalline dolumite. аге сопипат ir 
most areas. 


Conipartrons 
The stramatolites are assigned to the group 
Buicalia on the basis of their tuberous, swell- 
ing and constricting, humpy, variously oriented 
columns, general absence of wall, numerous 
overhanging peaks and short cornices, and 
gencrally divergent branching. Some specimens 


V. PREISS 


have horizontal colamns for short distances 
resombling Tusigussia, but are distinguished by 
Ihe absence of the multiple horizontal branch- 
ing characteristic of Тюндихча, and hy their 
generally nire ragged column margins. 
Восойа burra is distinguished from B. prima 
Semikhatov, B. aimica Nuzhnov, and В. eupri- 
cornia Walter, by its frequently divergent 
hranching and general complexity of columns, 
and from B, miímetu Komar hy its larger size 
and more complex structure, Some specimens 
resemble B. baicalim (Maslov) Krylov, but 
most have morc inclined and irregular columns. 
B. lacera, В. ғаға, B. ampla and В. untu Semi- 
khatov are not adequately illustrated for reli- 
able comparison, and the illustrated micro- 
structures are badly altered; single specimens 
of B. burru may show microstructures similar 
to B, ипса, B. lacera, and especially the pelletal 
laminae of B. rare, Some specimens have long 
overhanging peaks and thus resemble Н, 
ingilensis Nuzhnov, but are distinemshed Бу 
more frequent and divergent branching. В. 
burra most closely resembles В. ғаға Semi- 
Kkhatov and В, гласа Nuzhnoy; it is distin- 
suished from В. rara in that neither pelletal 
laminze nor knee-shaped bends in columns are 
consistently developed, and from В. maica hv 
its more irregular and coalescing columns, and 
its more continuous laminae, 
Disteibution: Widespread in the Skillapalce 
Dolomite, Burra Group: Dutton's Trough 
H.S., 16 km south of Burra; Scrubby Range, 
27 km south of Burra; 3 km west of Yutina: 
River Broughton. 8 km west of Spalding: 11 
km south-west of Worumba; 11 km south 
of Arkaroola; 3 km west of Copley; 3 km 
еам of Myrtle Springs H.S. near Leigh 
Creck: West Mount Hut, 27 km west of 
Witchelina H.S. and Chintapanna Well, about 
16 km west of Witchelina ELS. Possible E. 
birra occurs also in the Skillagaloe Dolo- 
mite, Depot Creek, but these have not been 
studied im detail. Specimens from possible 
River Wakefield Group, Carrieton (Fig. 15e) 
ато inadequate for identification, but are 
possibly to he included (BURRA, ORRO- 
КОО. PARACHILNA. COPLEY. ANDA- 
МООКА and CURDIMURKA 1:250.000 
map sheet areas), 
Age. Early Adeluidean, correlated with the 
youngesl Middle Riphean of the USSR- 
Group BOXONIA Korolyuk 


Похатіа Korolyuk 1960-110. Komar 1966: 
79. Cloud & Semikhatov 1969: 1036. Glaess- 
ner, Preiss & Walter 1969:1056 
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Type Form: Boxenia gracilis Korolvuk. 
from the Bokson Suite, Eastern Sayan. 


Diagnosis; Straight, subevlindrical columns 
with moderately frequent a- to Д-ратаШе! 
branching and smooth, walled margin strüc- 
ture. 

Content: В. gracilis Keorolyuk, В, lissa 
Komar, B. krasivica Golovanov. B. allah- 
[иса Komar & Semikhatov, B. ingilica 
Komar & Semikhatov, E, Мипса Raaben 
and ВБ. pertuknurre Walter. Raaben 
{1969a) places B. erumulosa Komar into 
partial synonymy with & gracilis Koro. 
lyuk. 8, diverata Sidorov has only а patchy 
wall and may therefore be excluded. 


The South Australian form із Boxonia 
melrosa. 
Age; Late Riphean and Vendian. 


Boxonia melrosa Т. nov, 
FIGS. Fach, 15d 

Material: Four specimens from one locality. 

Holotype: S503 | Figs. 7b, € & d; 15e), 1.6 

km west of Melrose township, Southern 

Flinders Ranges, 

Мате! After the type locality, 
Diagnosis: Baxania with long, narrow, clasely 
spaced columns, a- and @-parallel branching, 
without very broad basal columns, with occa- 
sional rounded projections, and with indis- 
плей banded. muderately. convex, laminae 
lacking pelletal microstructure. 

Description 

Mode of Occurrence: ‘The stromatolites are 
relatively poorly exposed in a faulted area, so 
that relationships are not clear, Al least two 
bioherms occur, preserved as grey or pale buff 
dolomite. The beds are overlorned, dipping 
south at about 40% The narrow, parallel 
columns arise directly from laterally linked 
stromatolites. partly pseudocolumnar. the base 
of which is пор exposed. The overlying 
columnar portion is approximately 6 m thick 
and consists of vertical columns near the centre 
of the bioherm, and inclined columns at the 
margins, where they pass laterally into pseudo- 
columnar siromatoliies. Columns are overlain 
hy wavy laminated stromatolites, which cover 
the whole bioherm. Bioherms are of cumulate 
shape, hroadly domed, up to 60 m long, and 
are surrounded by flat-bedded dolomite, 


Column Shape and Arrangement: Columns are 
straight, erect, subeylindrical, smooth to gently 
bumpy. with circular or slightly lobale, 


rounded polygonal cross-sections, 1—5 cm diam. 
(Fig. 7a-h). The diameter of a single column 
generally remains constant throughout its 
length. Columns may reach a length of up to 
20 ст between branches, bul some columns 
are only a few centimetres high, occasionally 
in the form of rounded projections 


Branching: Branching varies from a- to g- 
parallel; y-parallel branching is rave (Fig. 7h). 
Commonly a 2-5 cm column divides into two 
or three narrower, parallel, very closely spaced 
columns, 1-2 cm diam, (Fig. 7с,4,Ғ), Occa- 
sionally, two narrow columns may coalesce 
(Ги, 7c). Not all branches develop into long 
columns; some terminate their growth only à 
lew centimetres above branching (Fig. 7d], 
Murgin Structure: The lateral surface i? even, 
smooth or with low, broad bumps, ap to 
several centimetres wide. with a relief of 1—5 
mm. Peaks and cornices are entirely absenr, bur 
very rarely bridges up to 1 cm thick occur 
between adjacent columns. А multitaminate 
wall is almost ubiquitous, At the margins of 
columns laminae are poorly preserved, bur in 
places up to 10 laminae may be seen to com- 
prise the wall. Single laminae generally extend 
for a distance of 1—2 em down the column 
margin (Figs. 15d-f). 

Lamina Shape; Lamiinae are most commonly 
moderately convex, hemispherical, in places 
approaching rectangular (Fig. 8e). Freguently 
thoy are slightly asymmetrical, especially in in- 
clined columns, Belore branching, lammae 
usually develop two crests, The degree of con- 
vexity, h/d, is moderately constant, even за 
columns of differing widths. Of laminae mea- 
sured, 91% have h/d between 0,3 and 0.7, the 
mode (39%) being 0,5—0,6 (Бір, 9c). The 
shape of crests varies from tightly arcnate to 
gently rounded (Iig. Ке). Most laminae are 
broadly wavy (wavelength up to 8 mm, ampli- 
tude 1-2 mm) but not wrinkled, 


Microsiructitre: Microstructure is poorly pre- 
served in both pale and dark specimens; 
laminae are broadly continuous, with smooth, 
parallel upper and lower boundaries, but nisy 
he braken into a series of clots and lenses by 
recrystallization, and even where their con- 
tinuity is preserved, they are extensively em- 
bayed by recrystallized carbonate. Microstrac- 
ture із indistinctly banded with alernating 
darker and lighter laminac. Light іштіпше vary 
in thickness Рот 0.08-0.4 mm, bur usually 
thin towards column margins. Continuity is 
usually retained across a column, although the 
finest Jaminac frequently lose their identity by 
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recrystallization, The laminae consist of tran- 
sparent, slightly incquigranulat (of grain size 
0.01-0.04 mm) cguidimensional dolomite of 
polygonal, Һурідоіоріс fexture. Within this 
occur irregular 0.05—0.1 mm segregations of 
darker, greyish pigment, with no relation to 
grain boundaries. These are apparently rem- 
nants of pigment left by partial recrystallization, 


LLLA ыа Pee | 


5cm 
Fig. 7. 


as they may grade into more or less continuous 
laminae, Distinct round to oval pellets (as in 
Russian Boxonia) are absent. Dark laminae are 
less continuous, and often diffuse. Their thick- 
ness varies from 0,08-0.3 mm; towards the 
margins they frequently thín or lens out com- 
pletely, and do not take part in the formation 
of the wall. (The layering in the wall is 


Boxonia melrosa, Brighton Limestone equivalent, Umberatana Group, 1.6 km №, of Melrose: 


(а), (е). (g) & (h)—S502; (b), (c) & (d)—Holotype, 5505; (£) —8504. 


y») 


> 


) 


А! 
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Representative examples of lamina shape: (a)—Acaciella angepena: (b)—A. augusta: (c)— 


Acaciella f. indet; (4) —Baicalia burra, (е)--Вохота melrasa. 
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extremely indistinct). In places, they lens out 
also within the central patt of а column. Dark 
laminae are composed of equidimensional, 
xenotopic, equigranular dolomite (of grain size 
ranging from 0,003-0.01 mm), and in places, 
аге disrupted into a series of irregular clots and 
lenses separated by sparry dolomite. 


Interspaces: Interspaces between columns are 
extremely narrow (usually less than 5 mn), 
und nre filled with partially recrystallized dola- 
mite mud, now largely of fincly grumous tex- 
ture, containing in places, round or ovoid clas- 
Uc pellets, 0.2—0.7 mm diam. Much of the sedi- 
ment is vaguely Jaminated, the laminae abutting 
against the walls of columns, which they post. 
date. 


Secondary Alteration: Stromatolite columns 
and interspaces consist of dolomite, considered 
to result from the replacement of original cal- 
cium carbonate, Most fine structure has been 
lost; dark laminae are outlined mainly by seg- 
regations of dark pigmented dolomite, but re- 
crystallization has partly embayed and partly 
obliterated the fine dark laminae. The irregular 
distribution, of pigment is due to recrystalliza- 
tion. In places, coarser, sparry laminae of grain 
size up to 0.08 mm occur, and may contain 
dismembered remnants of dark laminae. Stylo- 
lites аге moderately frequent, and usually dis- 
cordant to the Jamination. In places they follow 


Fig.9 


column margins fot short distances, removing 
the wall. Occasional thin dolomite veins follow 
the path of stylofites. Some stylolites are 
parallel to overall bedding, and displace column 
axes slightly (Fig. 7c). 
Comparisons 

The stromatolites are assigned to the group 
Boxonia оп the basis of their long, smooth 
walled columns with moderately frequent a- 
and g-parallel branching, Katavia Krylov and 
Araciella Walter have similar gross structure; 
Katavia is distinguished by its very prominent 
bumps, while Acaciella generally lacks а wall, 
Minjaria Krylov also has parallel straight 
columns but is distinguished by its less frequent 
branching. Most other described forms of 
Boxonia have well defined pelletal microstruc- 
tures; forms are largely distingutshed on the 
basis of the size of the pellets, A specimen of 
B, gracilis sent by M. A. Semikhatov and I. М. 
Krylov, has pellets consisting of rounded car- 
bonate grains with dark, fine-grained rims. 
These are absent in B. melrosa, which also has 
less wrinkled laminae. B. melrosa is distin- 
guished from B. ingilica Komar & Semikhatov 
by its ubiquitous wall and straight columns: B. 
allahjunica Komar & Semikhatov apparently 
has some complex branching, B. lisse Komar, 
B. gracilis Korolyuk, B. grumulosa Komar, В. 
bianca Raaben and B. krasivica Golovanov 


Histograms of lamina convexities. Tbe convexity of a lamina is the ratio of the height of 
that lamina to its diameter (h/d). Histograms are plotted for each stromatolite form at inter- 
vals of 0.1; н is the number of measurements made for each form: (a)—Acaciella angepena; 
(b)—4. augusta; (c)—4.caciella f. indet.: (d) —Baicalia burra; (e) —Boxonia melrosa, 
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may all be synonymous. В. melrosa is distin- 
guished from В. perraknurra Walter (in press), 
which also lacks a pelletal microstructure, by 
its more steeply convex laminae, its occasional 
short, projection-like columns and by the 
absence of well defined broad basal columns. 
B. melrosa most resembles B. /issa, from which 
it is distinguished by the absence of pelletal 


microstructure, and by the presence of some 
short, projection-like columns. 


Distribution: Brighton Ltmestone equivalent, 
1.6 km west of Melrose (ORROROO 
1:250,000 map sheet area). 


Age: Late Adelaidean, correlated with the 
late Riphean of the USSR, 
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Appendix 1.—4Glossary 


Axis: The centre-line of a column. 


Bioherei; A circumscrihed organe-sedimentary 
Structure whose minimum width is less than or 
¿qual to one hundred times ity maximum thick- 
ness, embedded in rocks of different lithology. 
Note: the definitions of the terms Hrolierm und 
Biostrome pre based on those given by Nelson, 
Brown & Brineman (1962) but since, at Jeast 
in strómatolites, the two integrade, an arbitury 
limit must be set. 

Tabular bioberms have parallel upper und lower 
surfaces, while «өтей bieherms have gently 
convex upper surfaces. Subspherical bivherms 
had the highest growth relief relative to their 
width. 

Tonguing bioherms are bioherms which had 
lithe or no growth relief, and therefore inter- 
tongue al their margins with the suscovadiog 
sediment. 


Міптгеттес A stratiform organo-scdinlentary srmc- 
ture whose minimum width is more than one 
hundred Lines its thickness, Note; jo practice il 
is rarely possible to sec Ше three. dimensional 
shape of the зидимите in outcrop. The distinction 
between. bivherms and biostromes mist there- 
fore be based on the dimensions visible in oul- 
crop. Ef the oulerop is inadequate, the informal 
term "Вей" is used. 


Tabular biostrames have parallel lower and 
upper surfuces. Domed biostromes either may 
cunsist of juxtaposed domed bioherms or may 
be continuous with juxtaposed domes оп their 
upper surfaces. 


Branching: The division ot a column into new, 
discrete colnmns. The columns become discrete 
when they аге first separated hy ап interspace. 
Іп parallel branching. {he aves of the new 
columns are parallel (most commonly they are 
also parallel to the axis of the original column). 


a-parallel branching ік parallel branching in 
which the width of the individual remains соп» 
stant. do p-paralle? branching the original column 
widens gradually before branching, while in 
y-parallel branching, it widens abruptly before 
branching, In slightly divergent branching. the 
nxes of the new columns diverge at less than 
45% while in markedly divergent branching 
they diverge al mure Шап 43^. Dichos 
branching 15 branching inh» more thin iwo 
columns at approximately one level, 


Bridge; A stromatolitic lamina or set of laminae 
linking adjacent columns. 

Bump: A low, rounded protrusion on the side of a 
column. 

Coulescing columns: Adjacent columns which кош 
and continue growth as one column. 

Column; A discrete stromatolite structure, with the 
dimension in the direction of growl: greater 
tham al least one of the transverse dimensions. 
Column shape and arrangement often vary ac- 
cording to the position in the biolierm. я 

Columnarlayered stromatolite: A stromatalire in 
which short columnar and laterally linked 
fusually pseudocolumnar) portions alternate. 

Cornice: Peripheral overhanging portion of a 
lamina or set of laminas. elongated Lransversely 
to the coluran axis, 


Crest The snmmit of an upward-conves lamina. 


Crestal line: The line jointing the crests of succes- 
sive laminae 

Cresral zone: The environs of the cresta! line, In 
Сопорвутан, the crest zone is specifically the 
zone of thickening and contortion of the 
laminae; the width of the crestal zone is the 
width of the thickened and/or contorie! por- 
lions of laminas. Three types of crestal zones 
of Ceonophvton were distinguished by Komar 
е al. (1965). 
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Cumnlate stromülelite: A rounded protrudmg non- 
columnar stromutolile. 

Domed: With approximately constant radius of 
curvature, 

Flut-laminated Nramatolite: Non-columnar siro- 
miatolite with flit continuous laminae. Aitken 
(1967) has proposed the term cryptalgalaminate 
lor stromatolites with planar laminatian. 


Gently convex lamina: А lamina whose ratio of 
height to diameter js less than or equal to 0.3, 
Meusuremenis of this. ratio are best treated 
statistically by plotting on a histogram. 


Gnarled column: A column with large bumps 


Grumos: А mineral texture in which fine-grained 
palebes are surrounded by coarser grains, inier- 
preted lo have formed by partial recrvslalliza- 
lion. 

Il ypidiatopie: A mineral texture intermediate be- 
Iween xenotopic and idietopic. 


Idiotopie: A lexture in which the mineral grains 
are hounded hy crystal faces. 


Individual: A single discrete siramatolite within 
which either the laminae are continuous or 
which comprises a group of columns arising 
from a single basal column. 


Imterspace: The space between columns, usually 
filled with sediment. 


Lamina: The smallest unit of layering in a stroma- 
tolite, 


Lanceolare; An clangate Lransverse section of 4 
column. tapering at both ends 


Laterally linked siromatolite: Stromatolite with 
wavy laminae which are continuous between 
crests. - 


Мастаітіпа: A distinct set of laminae, 


Microstructure: Ihe fine-scale structure of the 
stromalolite lamination, in particular the dis- 
inciness, continuity, thickness and composition 
of the laminae. 


Banded microstructure 15 characlerized by very 
continuons laminae with sharp, distinct, more or 
less parallel boundaries, [n streaky microstrue- 
ture less distinct and continuous laminae fre- 
guently grade into one another. The darker 
laminae are usually more distinct. 


Striated Microstruclure consists of primary 
chains of lenses, oriented parallel to the lamina. 
Поп (Ibis excludes cases where originally con. 
tinuous laminae are disrupted by recrystallies- 
tion) 


Vermiform microstructure consists of narrow, 
білпорз, pale colaured areas (usually of sparrv 


carbonate) surrounded by darker, usually finer 
grained areas. 

Micro-unconformitv: Surface of lamination dis- 
cordance due to penecontemporancous erosión 
within à stvomatolite. 

Niche; A deep indentation in the side of a column, 

Paraholic lamina: A lamina whose axial longitu- 
dinal section approximates a parabola. 

Peak: Overhanging portion of a lamina or set of 
laminae with a small dimension transverse to the 
column. 

Pellet; Ovoid to sub-ovoid micritic carbonate grain 
nf silt or sand size, lacking internal structure 
Pigment: Organic or inorganic colouring malter. 
Plary сони: A strongly transversely elongated 

column. 


Projection: А small columnar or conical ont- 
growth from the side of a column. 
Psendocolumnar — stromatolite: \aterally linked 


stromatolite in which successive crests аге 
superimposed, forming column-like structures 
(pseudocolumns). 

Rectangular lamina; Lamina which in a longitu- 
dinal section of a column is flat-topped with 
edges deflexed at about 907, 

Rhombic lamina: Lamina which in a longitudinal 
section of а column is flat-lopped but has sub- 
parallel edges not perpendicular to the top. 

Rib: A low, rounded protrusion which 19 elongated 
transversely to the column on which il ozcurs, 


Жгісаре: An unlaminated coating on column mar- 
rins, Possible explanations for this include (a) 
micritization by algal boring: (b) inorganic pre- 
cipitation of lime; (c) а thin algal film an 
column margins during growth. [n some forms 
а selvage-like structure is probably the result of 
differential recrystallization of a wall. 

Steeply Convex lamina: A lamina whose ratio of 
height 10 diameter is greater Шап 0.5. 

Tuberous сайта) A column with prominent ex- 
pansions and constrictions, 

Wull: Structure at the margin. of a column formed 
by опе or more laminae from within the column 
bending down and coating the margin for at 
least а short distance. 

Wavy lamina: A lamina with flesures of wave- 
length greater than 2 mm. 

Wrinkled lamina: A lamina with flexures of wave- 
length greater than 2 mm. 


Undulatory stromitolite: Laterally linked Stroma- 


tolite іп which successive crests are nol super- 
imposed, 


Xenolapic texture: A texture in which the mineral 


grains are anhedral or irregularly shaped, i.e. 
not bounded by crystal faces, 
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„Агра а angepena, Icom. Lower Cambrian limestones, Flinders Ranges: sections perpendicu- 


lir to bedding. showing mode of occurrence and microstructures: (a) Marginal section of 
а biahetm. Note thar the laminae are completely recurved under the bioheim edge. The speci- 
men is in situ. The Бай-рони pen is 16 cm long, Angepena; (b)-—Etchcd section of S300, the 
recurved margin of the bioherm іп (a) cur at right angles to bedding. Nate that here growth 
partly proceeded downwards, Specimen is 15 ст wide; it was collected from the ourcrop 
shown in. lar; (c)—Lateral terminatlon of а bioherm, which partly sank into the soft substrate 
during growth, The white areus are dolomitized, Width of specimen (5460) ік 20 cm. Ange- 
pena; (d)—Pseudocolumns with rare interspaces, Note the domed laminae grown upon partly 
buried intraclasts, and the extremely continuus lamination, Thin section. Angepena (84162); 
(е)--Еуепіу laminated ferruginous structure, probably the stromatolite A. angepena affected 
by secondary ferruginization, Thin section, from near Old Wirrealpa, The durk laminae are 
outlined by finely disseminated hematile. (5564, collected by Mr. Р, С. Hoslett); (£) —Evenly 
laminated diserete columnar form from halawie Gorge (Sir Douglas Mawson's specimen), 


(а)--4 га и ungepeno; irregular columns Irony ihe marginal portion of à small bioherm 
15458. Anwepena), Note the vermiform microstructure within parts of columns, here inter- 
preted us due lo algal boring, disrupting the normally very even, continuous lamination; (b) 
& (e)—aAcaciella f, indet, Both specimens are eicatics fram the Siberian glacials north of the 
Enorama Diapir. Thin sections. Note the very numerous concordant stylolites in (В). (S539 
and 5509 respectively; 5539 was collected by Dr, B. Daily); (di, (e) & (6) —Acaciella 
angusta, Brighton Limestone equivalent, Depot Creek, Vertical sections showing mode of 
әсештгелее ата) microstructure; [d]— Details of transition from broad, frequently bridged 
basal columns to upper narrow, discrete columns. Broad columns in lower right-hand corner 
have inclined margins and subhorizontal laminae: tel- Lenlicular open spaces belween 
laminue, possibly representing original pas vesicles (S163). (f) — Portion of a bioherm show- 
ing the inlercalytion of columnar snd laterally linked siromatolites. 


Avuciolla wisest, Brighton Limestone equivalent, Depot Creek, showing mode af occurrence 
and microstructures. (9)—Margin of а bioherm (pale coloured at right of photograph) inter- 
tonguing laterally with massive oospurite (at left); (b) & (c) —5404 & 5401 respectively. The 
gross shape and branching of columns, The interspuces ure filled with іпегізуетей micrite and 
iniramiciite, іп 0,5 lo LO cm bands. іс) is natural size. In (hî, laminae become daubly 
crested before branching, but in the centre of the photograph іс) із un example of а short 
interspace between crests bridged by the overlying laminae: the column (hen resumes ils former 
growth pattern; td)—Recryslallized specimen from Mundallio Creek (S538). illustrating ra- 
diating recrystallized әстезізг textures im the lower part of the pholograph. 


Rairwia harru. Skillogalee Dolomite, Sections perpendicular to bedding. showing the mode of 
accurrence und microstructure: {a)—Small lenticular bieherms interbedded in thinly bedded 
dalomites, Yatina; (b)—Poction of a biostrome interbedded in massive, fine візілед doto- 
mites. Dutton's Trough H.S. Longitudinal section of partially silicified columns. The section 
is parallel to the tectonle cleavage, in the plane nf flattening of the columns; (c)—lrregular 
ealumns with numerous micro-uncontormities and highly variable lamina shape, Wes! Mount 
Hur (d)—Moderarely divergent branching columns, with some pelletal laminae. Thin sec- 
tion, Yatina (8222, holotype); (c)—Slighlly divergent branching in regular, sub-cylindrical 
columns. Thin section, 5513, Dutton's Trough H.S; the specimen is taken from {he biostrome 
shown in Fig. 13 (hl 


Bulvalia burra. Skillogalce Dolomite: (а) —Tuberous and inclined columns with evenly 
handed overostruciure and high-angle micro-unconformities, Thin section, S487, Myrtle 
Springs; (b) В. barra with minor pelletal laminae. Thin section, 5150, Worumba; (c) —Sub- 
cylindrical columns with steeply domed, evenly banded laminae. Thin section, 8302, West 
Mouni Hut: (d)—Branching of narrow columns from the sides of з main wide column. Cut 
slab, S534, Dutton's Trough H.S, The specimen is taken from rhe blostrome shown in Fig. 
13 (Бу: Гез, burre with predominantly pellets! luminue. Thin section, S496, Copley: (EJ 
—Complex branching of columns from Arkaroola, Thin section, 5437. 


(a)—Baicalia hurra. with finely silicifiod laminue. Thin section, natural size, 5151, Worumba. 
Note the vertical tectonic dolomite veins; (b) —H. burra. Cut slob illustrating. sub-parallel 
branching columns with high-angle micro-unconformities and banded lamination. S96, nea 
Chintapanna Well. specimen collected by Mr. C. R. Dalgarna, Note ihe overgrown slroma- 
tolite fragment in the lower left quadrant, and Ше branch arising from an eroded column in 
the Upper right; (c)—Indeterminate stramatolite. possibly Вайсаца hurra, Thin section, 5322, 
near Carrieton: (d), (e) € (f) —Boxonia melrosa, Brighton Limestone equivalent, Melrose; 
fd)—Hand specimen illustrating longitudinal sections of columns: (e) —Thin section of hola- 
type. 5503, The lamination is indistinctly banded, and becomes diffuse іп the wall zone, (f) 
—Thin section illustrating. lamination and wall structure, S177, natural size, Note that the 
upper left and lower left corners of the thin section src composed ot highly weathered rock, 
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